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Passage of Cholesterol through the Arterial Wall by C W M Adams MD (Guy's Hospital, London) For a long while it has been customary to regard lipid accumulation in the atherosclerotic artery as an abnormal infiltration of lipid into the tunica intima. In this paper, however, the hypothesis will be considered that lipid accumulation involves the whole arterial wall and that such accumulation partly results from a failure of normal lipidtransport or diffusion mechanisms across the arterial wall.
Using histochemical methods, we have repeatedly found that cholesterol and cholesterol ester may penetrate and accumulate in the arterial media, as well as the intima, in both human and experimental atherosclerosis (Fig 1) . The penetration of lipid into the media has been confirmed by biochemical analysis of multiple layers of human aortic wall (Davis et al. 1963) . Human aorta was incised longitudinally, opened out flat, pinned down on cork, fixed in formalin and sectioned serially in the horizontal plane (i.e. in the flat plane of the intima and media) from the inside to the outside of the vessel. Such sections were cut on a constant temperature freezing microtome (De la Rue Frigistor Model FSI). This microtome, which works on the reverse principle of the thermocouple, operates at constant temperature in the range -20 to -30°C. The absence of temperature change prevented shrinkage or expansion of the frozen tissue-block so that 50p sections were cut with little variation in their weight (coefficient of variation 4'8 Y.).
Lipid analyses on these multiple layers (groups of sections) of aorta showed that there is a gradient in cholesterol concentration across the human (Reproducedfrom Davis et al. 1963 by kind permission) aortic wall ( Fig 2) and confirmed our histochemical observation that lipid accumulates in the inner half of the tunica media. Conversely, no gradient occurs in phospholipid concentration and, accordingly, the phospholipid-cholesterol ratio tends to rise from inside to outside of the aortic wall (Fig 3) . The absence of a gradient in phospholipid concentration is consistent with the conclusions * expressed by Zilversmit (Zilversmit & McCandless 1959 , Zilversmit et al. 1961 ) and by Christensen (1961 Christensen ( , 1962 ) that phospholipid is synthesized within the arterial wall and is also consistent with our observation that phospholipidin particular sphingomyelin is a component of both medial elastic tissue and the atherosclerotic plaque (Adams & Tuqan 1961 , Adams & Bayliss 1963 Fig 4) .
The gradient in cholesterol concentration across the human aortic wall can be explainedin conventional terms -as an abnormal infiltration of lipid into thewhole ofthe arterialwall. Conversely, it has been suggested by us (Adams et al. 1962 ) that the lipid accumulation is due to failure of normal transport or diffusion of lipids across the arterial wall.
The analyses reported above do not resolve this problem. However, inprevious studies (Adams et al. 1962 , Adams 1964a ) we obtained autoradiographic evidence that 3H-cholesterol enters the rat aortic wall from the blood and it was tentatively concluded that labelled cholesterol subsequently migrates outwards through the wall of the vessel. Although labelled material appeared in the inner part of the rat aortic wall before the outer part, it could be argued that the majority of lipid enters the vessel wall from the vasa vasorumr and, for reasons unknown, first accumulates in the , lipid in fact enters the aortic wall through the vasa vasorum, we stripped the adventitia and vasa vasorum from a short segment of rabbit abdominal aorta and wrapped tinfoil around the denuded zone before injecting 3H-cholesterol intravenously (Adams et al. 1964) . Soon after extirpation of the vasa most radioactivity was found in the inner aortic wall but, subsequently, radioactivity increased in the middle and outer layers (Figs 5 and 6). The initial heavy labelling of the inner part of the stripped aorta indicates that most labelled cholesterol enters the aortic wall from the lumen.' However, the virtual absence of radioactivity in the outer layer of the stripped aorta four hours after injection of isotope suggests that the small amount of radioactivity initially seen in this layer of the intact aorta had entered the vessel through the vasa vasorum.
If it is accepted that lipid normally migrates or diffuses across the arterial wall, it follows that failure of this mechanism would result in lipid accumulation in the inner part of the arterial wall. Such failure of lipid transport could result from either structural or metabolic changes in the arterial wall (Adams 1964b (French 1964 ) may obstruct the ostia in the elastic lamina, so that in time the lamina becomes impermeable to the further passage of lipid.
Alternatively, we have suggested that anoxic enzyme failure in the middle zone of the arterial media may lead to impaired synthesis of the phospholipid and protein which would be required as lipotrophic agents (Dixon 1958 ) for this postulated transport or diffusion of lipid across the arterial wall (Adams et aL. 1962 ). Such mid-medial loss of enzymic activity is nearly always seen in the human aorta, even by the third and fourth decades, and includes a wide variety Adams et al. 1964 by kindpermission) of enzyme systems involved in electron transfer reactions and hydrolysis of energy-rich phosphonucleotides (for refs. see Adams , 1964a .
Chemical Constituents of Human Atherosclerotic Lesions by C J F Bottcher DSC (Gaubius Institute, University ofLeiden, The Netherlands)
In spite of a tremendous number of investigations carried out since the beginning of this century, our knowledge about the processes underlying atherosclerotic degeneration of the human arterial wall is still very limited. How fragmentary this knowledge is becomes immediately clear if we ask precise questions: Why and how does the undesired series of events begin? Are changes in the blood composition a primary factor and if so do they act through simple infiltration from thelumen, leading to accumulation of undesired blood components? Or does an undesirable blood composition act in another way, namely via malnutrition of the arterial wall, leading to changes in structure and permeability and/or accumulation due to an unusual composition of metabolites or due to the change in permeability-? Or is there another trigger mechanism, for instance caused by local damage of the wall? Which chemical factors have a steering action during the process? Do fatty streaks and spots develop into plaques occasionally or are these two types of lesions mutually independent? Do lipids play a role from the beginning or do they get involved at a certain stage of the atherosclerotic process? Many more questions can be put forward and the answers are still anybody's guess.
Why do we know so little? I strongly believe that there is only one way to find the answers to our list of questions. First, sufficient information must be gathered about the morphological and, chemical changes in the human arterial wall with atherosclerosis. The next step must be the design of a theory concerning the processes underlying these changes. And finally such a theory must be checked by experiments, in particular animal experiments.
Unfortunately atherosclerosis research has gone through a period of four decades in which the chemical knowledge about the changes in the arterial wall was almost entirely restricted to one aspect: the increase of its content of cholesterol and esters thereof. As a result, most of the animal experiments, the investigations in connexion with nutrition, and the epidemiological investigations in general were designed on the tacit assumption that cholesterol would be the dominating factor in atherosclerosis, in spite of the morphological evidence that the problem is an extremely complex one.
This focusing of the attention on one single constituent of the arterial wall has had a very disturbing influence on both research and thinking about atherosclerosis. It led, for instance, to the primitive ideawidespread nowadays even in newspapers and magazinesthat infiltration of cholesterol from the lumen into the arterial wall, due to an elevated blood cholesterol level,'would be, so to speak, the mechanism of atherogenesis. Nobody will deny that cholesterol plays some role in the atherosclerotic process but what this role is and whether it is of primary or secondary importance is still unknown.
With all this in mind, we started in 1956 to examine the chemical changes in the human arterial wall with atherosclerosis, aiming at a comparison with the morphological changes and a study of the underlying processes by means of histochemical and biochemical investigations.
In the beginning our work was concentrated on the analysis of lipids, since first of all we wanted to check what is true in the generally accepted belief that the metabolism and transport of lipids plays an important part in atherogenesis. During the last few years we have also paid attention to the mucopolysaccharides since they seem to be of importance in the initiation of the lesions. Another difference between our early investigations and those of recent years is that gradually our methods have been scaled down from microto submicro-level, so that a few milligrams of lipids are sufficient now for a complete lipid analysis. This enables us to analyse lesions, intima tissue and media tissue separately, whereas initially we had to restrict ourselves to intima-plus-media preparations. Since the older work has been pub-
